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Abstract	
	
Pekanbaru	is	the	capital	city	of	Riau	province,	located	in	the	center	of	the	Sumatra	Island	
Indonesia	 is	 experiencing	 rapid	 economic	 progress.	 The	 city	 is	 split	 by	 Siak	 river.	 Big	
bridges	 that	 connect	 this	 city	 are	 Siak	 I	Bridge	 and	Siak	 II	Bridge.	 The	Quality	 of	 Siak	
bridges	 paid	 attention	 seriously	 in	 this	 previous	 time,	 especially	 for	 Siak	 I	 bridge	
deflection,	despite	completely	built	from	past	time.	Also	for	Siak	II	Bridge	it	needs	more	
attention	incase	of	this	bridge	is	the	road	for	the	heavy	truck	way.	Geological	mapping	
using	a	small	UAV	conducted	to	determine	the	deformation	points	on	the	site	of	Siak	I	
bridge	 and	 Siak	 II	 Bridge	 areas,	 the	 study	 of	 Siak	 I	 Bridge	 and	 Siak	 II	 Bridge	 are	 also	
supported	 by	 the	 DInSAR	 analysis	 using	 ALOS	 PALSAR	 data	 of	 Pekanbaru	 city	 and	
Deflection	observation	that	occurs	in	Siak	I	bridge	and	Siak	II	Bridge	was	measured	during	
field	 observation.	 Results	 of	 small	 UAV	 3D	 models	 analysis	 shows	 no	 negative	 land	
deformation	on	 the	 Siak	 I	Bridge	and	 Siak	 II	Bridge	 areas.	DInSAR	analysis	 shows	 the	
number	of	positive	deformation	of	Siak	 I	Bridge	 is	81	 cm	and	Siak	 II	Bridge	 is	48	 cm.	
Deflection	on	Siak	I	Bridge	was	detected	around	10‐15	cm.	
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1. Introduction	
Pekanbaru	 city	 (Figure	 1)	 is	 the	 capital	 city	 of	 Riau	 province,	 Indonesia	 located	
101°14'	‐	101°34'	E	and	0°25'	‐	0°45'	N	with	sea	level	average	from	5	‐	50	meters.	The	
northern	part	of	this	city	is	a	plain	area	with	average	height	5	‐	11	meter.	The	total	area	of	
Pekanbaru	city	is	632.26	km².	Pekanbaru	city	is	the	one	of	the	main	city	in	Indonesia	with	
the	 population	 of	 1.2	 million	 people	 based	 on	 Center	 for	 Indonesia	 Statistic	 Board,	
Pekanbaru	branch	released	on	2014.	The	economical	in	Pekanbaru	growth	above	10%	in	
a	year,	this	number	is	above	of	Indonesia’s	economy	growth	which	has	4.79%	(Center	for	
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Indonesia	 Statistic	 Board,	 2014).	 This	 rapid	 growth	 needs	 infrastructure	 facilities	 to	
support	people	activities,	meanwhile,	Pekanbaru	city	is	the	strategic	city	located	at	the	
center	of	Sumatera	Island.	With	this	position,	Pekanbaru	city	is	the	connector	of	the	north‐
south	littoral	at	the	Sumatera	Island,	also	as	the	connector	between	east	and	west	of	this	
island.	
	
This	importance	of	Pekanbaru	city	requires	supporting	infrastructures	inevitably.	
One	them	is	bridge	facility.	Pekanbaru	city	was	split	into	two	because	it	passed	the	great	
river	named	Siak	River,	the	river	is	recognized	as	well	as	the	deepest	river	in	Indonesia.	
Siak	 River	 divides	 Pekanbaru	 city	 located	 at	 the	 Senapelan	 sub‐district,	 Rumbai	 sub‐
district,	and	Rumbai	Pesisir	sub‐district.	
	
The	establishment	of	the	bridge	as	the	community	liaison	activities	in	Pekanbaru,	
provide	 enormous	 positive	 impact	 by	 making	 the	 groove	 Pekanbaru	 ground	
transportation	becomes	easier,	but	the	construction	of	this	bridge	also	pose	a	risk	to	their	
land‐use	change	and	the	condition	of	the	bridge	due	to	the	pressure	exerted	by	the	bridge	
and	 traffic	 activities	 that	 are	 in	 it.	 This	 study	 aims	 to	 determine	 the	 effect	 given	 or	
experienced	by	land	due	to	the	construction	of	the	bridge.	
	
The	bridge	is	located	on	the	Siak	River	area	of	Pekanbaru	city.	Siak	I	bridge	located	
at	0°32'27.68"	N	and	101°26'13.65"	E,	was	built	in	1973	and	available	to	use	in	1977	with	
the	length	355	meter.	Siak	II	bridge	located	at	0°33'4.41"	N	and	101°24'1.89"	E,	was	built	
in	1990	with	length	190	meters.	
	
	  
Figure	1.	Map	of	Pekanbaru	city,	Riau	Province,	Indonesia.	
	
	
2. Data	and	Method		
Three	methodologies	were	used	for	this	research.	Field	mapping	on	Siak	I,	Siak	II	
bridges	 were	 used	 small	 UAV	with	 specifications:	 built‐in	 camera	 with	 FOV	 (Field	 Of	
View)	94°	20	mm	(35	mm	format	equivalent)	f/2.8	lens,	1/2.3”	sensor	and	effective	pixels:	
12	M	connected	to	the	built‐in	GPS.	Pictures	were	taking	among	2	weeks	for	the	whole	
bridges,	starting	from	20	May	2016	until	3	June	2016.	The	pictures	were	rendered	using	
some	software	to	produce	a	3D	model	of	mapping	area.		
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Land‐site	 deformation	 measurement	 of	 the	 bridge	 stand	 was	 measured	 using	
differential	interferometry	measurement	with	ALOS	PALSAR	level	1.1	data,	the	date	from	
25	May	2007	and	20	April	2011.	
	 To	analyze	the	differential	interferometry	on	the	ALOS	PALSAR	Level	1.1	data,	the	
software	used	to	process	it,	then	choose	the	baseline	(B)	by	looking	the	highest	number	
and	it	should	be	in	the	first	process.	This	baseline	influenced	by	topography.	Influences	of	
topography	(h)	in	interferograms	given	by:	
	
  ߶௧௢௣௢ ൌ െ ସగ.஻˔ఒ.ோభ.ୱ୧୬Ѳబ                                                                                                    (1)  
	 After	selecting	the	data,	coregistration	process	will	generate	(figure	2)	accurate	
determination	of	phase	differences,	 coregistration	produces	 the	master	and	slave	data	
which	ready	for	coregistration	to	combine	of	those	data.	Coregistration	data	is	ready	for	
interferogram	 generation	with	 a	 flattened	 condition	 and	 the	 result	 for	 calculating	 the	
complex	 correlation	 coefficient	 between	 two	 acquisitions	 or	 coherence	 for	 generating	
topographic	phase	correction.	By	reducing	interferogram	phase	and	topographic	phase	
correction	will	generate	the	differential	interferogram.	
	
ܦ݂݂݅݁ݎ݁݊ݐ݈݅ܽூ௡௧௘௥௙௘௥௢௚௥௔௠ ൌ ݌݄ܽݏ݁௜௙௚ െ ݌݄ܽݏ݁௧௢௣௢                                               (2) 
 
	 Generating	 the	 topographic	 phase	 correction	 will	 be	 available	 to	 produce	 the	
phase	filtering.	We	used	2	types	of	Goldstein	filtering	with	0.5	x	0.5	and	0.3	x	0.3	coherence	
threshold.	The	data	is	ready	to	be	unwrapped	after	finishing	phase	filtering	process.	
	
	 The	 compile	between	wrapped	phase	and	unwrapped	phase	data	will	produce	
vertical	displacement	map	which	given	by	calculation	as	below:	
	
ݒ݁ݎݐ݈݅ܿܽௗ௜௦௣௟௔௖௘௠௘௡௧ ൌ థ_௨௡௪௥௔௣௣௘ௗ.ఒିସగ.ୡ୭ୱѲ೔                                                                          (3)  
Where	LOS‐to‐Vertical	factor	or	incidence	angle	from	satellite	data.	
	 	
	 Vertical	displacement	map	will	generate	the	vertical	displacement	map	reference,	
as	the	reference	to	combining	with	pixel	from	the	point	we	chosen	by	substitute	equation	
2	to	the	equation	below:  
 
ݒ݁ݎݐ݈݅ܿܽௗ௜௦௣௟௔௖௘௠௘௡௧_௥௘௙௘௥௘௡௖௘ ൌ ሺݒ݁ݎݐ݈݅ܿܽௗ௜௦௣௟௔௖௘௠௘௡௧ 	൅ ݌݅ݔ݈݁௩௔௟௨௘ሻ                    (4) 
 
	 Calculation	of	masking	area	with	low	coherence	is	to	combine	with	the	vertical	
displacement	 reference	 to	get	 the	 result	of	 interferometry.	The	 calculation	of	masking	
area	is	given	by:	
	
ݒ݁ݎௗ௜௦௣_௥௘௙_௠௔௦௞ ൌ ܫܨ	ሺܥ݋݄݁ݎ݁݊ܿ݁	ݒ݈ܽݑ݁ሻ ൒
																																																								ሺ݈ܵܿܽ݁	ݒ݈ܽݑ݁	݅݊	݉݁ݐ݁ݎሻ	ܶܪܧܰ	1	ܧܮܵܧ	ܰܽܰ	         (5) 
 
	 Masking	 of	 vertical	 displacement	 reference	 is	 resulting	 file	 for	 Geocoding	 and	
projection	map	 that	used	WGS84	with	SRTM	3sec	digital	 elevation	model	 and	nearest	
neighbour	resampling	method	in	Range‐Doppler	terrain	correction.	
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Figure	2.	Flowchart	of	inteferometric	co‐registration.	
	
	
3. Result	and	Discussion	
3.1. Area	monitoring	using	small	UAV	
 
Mapping	using	a	small	UAV	for	Siak	I	bridge	(Figure	3)	and	Siak	II	bridge	(Figure	
4)	were	used	to	produce	a	3D	result	of	the	study	area,	using	an	overlapping	technique	to	
get	 the	pictures	of	 the	 study	area,	 rendering	 software	was	used.	The	 result	 from	a	3D	
model	of	small	UAV	shows	the	land	area	of	the	bridge	sites	for	Siak	I,	Siak	II and	residential	
area.	 The	 result	 showed	 no	 significant	 changes	 to	 the	 land	 especially	 for	 the	 land	
subsidence	 and	 land	 deformation.	 This	 analysis	 also	 supported	 by	 ALOS	 PALSAR	
differential	interferometry	analysis	data	in	Pekanbaru	city.	
	
	
Figure	3.	Location	of	Siak	Bridges	taken	by	Small	UAV	for	Siak	Bridge	I.	
	
	
3.2. Differential	Interferometry	Synthetic	Aperture	Radar	(DInSAR)	analysis	
 
	 Land	deformation	mapping	on	the	site	of	Siak	I,	Siak	II bridges	shows	the	number	
that	impacted	in	Pekanbaru	city	and	around	Siak	bridges	based	on	data	analysis	of	ALOS	
PALSAR on	25	May	2007	and	20	April	2011.	ALOS	PALSAR	Data	Processing	 for	 these	
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scenes	 produces	 a	 differential	 interferogram	 (Figure	 5)	 which	 was	 used	 further	 for	
processing	to	obtain	the	number	of	land	deformation	in	this	study	area.	
	
	
Figure	4.	Location	of	Siak	Bridges	taken	by	Small	UAV	for	Siak	Bridge	II.	
	
	
	
Figure	5.	Location	of	Siak	Bridges	taken	by	Small	UAV	for	Siak	Bridge	II.	
	
	
Based	on	DInSAR	analysis,	Pekanbaru	city	has	 the	 lowest	deformation	value	of	 ‐
540.36	mm	in	several	southern	and	western	area.	For	the	highest	deformation	value	is	
1,274.50	mm	in	the	eastern	part	of	Pekanbaru	city	(Figure	6).	DInSAR	analysis	was	used	
4	types	scale	which	are	0.01,	0.1,	0.5	and	0.6.	DInSAR	analysis	also	shows	there	was	no	
land	subsidence	in	Pekanbaru	city	in	the	range	of	2007‐2011.	This	analysis	also	shows	the	
topography	 information	 of	 Pekanbaru	 city	 which	 are	 the	 east	 area	 has	 the	 higher	
topography	than	south	and	west	areas.	
	
Differential	interferometry	analysis	on	the	Siak	I	bridge	and	Siak	II	bridge	(Figure	
7)	show	the	deformation	in	these	areas	are	positive.	Siak	I	bridge	has	81	cm	deformation	
value.	For	Siak	 II	bridge	has	48	cm	deformation	value	and	this	site	 is	 the	 lowest	value	
compare	 to	 another	 site	 of	 Siak	 bridges.	DInSAR	 analysis	 for	 Siak	 I	 bridge	 and	 Siak	 II	
bridge	did	not	detect	any	significant	negative	land	deformation.	This	result	gives	mean,	
for	the	site	of	all	Siak	bridges	was	not	impacted	the	bridge	to	fail.	
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Figure	6.	Differential	Interferometry	Image	for	Pekanbaru	city.	
	
 
	
Figure	7.	Differential	Interferometry	Image	for	Pekanbaru	city. 
	
	
3.3. Field	observation	for	bridge	deflection	
 
Field	observation	show	for	the	Siak	Bridge	I	and	II,	there	is	no	negative	subsidence. 
For	the	land	as	the	site	of	Siak	Bridges	stand;	it	still	stable	without	no	subsidence	occurs	
detected.	
	
	
4. Recommendation	and	Future	Work	
Periodical	mapping	using	UAV	needs	to	do	in	the	future	for	at	least	6	months	to	
get	 the	 change	 of	 land‐site	 by	 the	 time.	 The	 bridges	 need	 periodical	 maintenance,	
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especially	for	the	Siak	Bridge	I	and	II,	because	these	bridges	have	reached	more	than	20	
years	age.	
	
5. Conclusion	
The	result	of	the	study	conducted	on	Siak	bridges	in	Pekanbaru	city	is	expected	to	
provide	 input	 for	 Pekanbaru	 city	 government	 in	 preparing	 for	 the	 construction	 and	
preservation	of	existing	bridges.	The	result	of	the	mapping	using	small	UAV's	shows	no	
area	has	decreased	significantly	in	all	regions	around	the	site	of	Siak	bridges	land,	UAVs	
mapping	 result	 is	 also	 supported	 by	 the	 analysis	 of	 land	 deformation	 using	 DInSAR	
analysis	for	ALOS	PALSAR	Data	of	Pekanbaru	city	that	certifies	the	absence	of	negative	
surround	 Siak	 I	 bridge	 and	 Siak	 II	 bridge, Another	 supporting	 analysis	 is	 direct	
observation	at	Siak	bridges.	From	the	observation,	big	deflection	did	not	find	on	the	Siak	
I	bridge	and	Siak	II	bridge.	For	further	research,	we	will	conduct	another	UAV	mapping	in	
the	future	and	analyze	the	change	detection	for	these	bridges	compare	with	current	data.	
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